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$VVHPEO\ V\VWHPV RI D FXVWRPL]HG VHULHV SURGXFWLRQ DUH
VSHFLDOL]HG WR FHUWDLQ YDULDQWV DQG GHVLJQHG WR ZRUN KLJKO\
HIILFLHQWDWDGHILQHG LGHDORSHUDWLQJSRLQWRIRXWSXWTXDQWLW\
>@ 7KLV LGHDO RSHUDWLQJ SRLQW EHFRPHV PDQLIHVW LQ DQ
DVVHPEO\VWUXFWXUHRIIL[HGDVVHPEO\OLQHVZLWKULJLGO\OLQNHG
VWDWLRQV DQG D VSHFLILHG F\FOH WLPH5HWXUQ RQ LQYHVWPHQW LQ
UHJDUG WR WKLV RXWSXW TXDQWLW\ LV DQ LPSRUWDQW SODQQLQJ
FULWHULRQ 7KH KLJK YRODWLOLW\ RI PDUNHWV KRZHYHU
FRPSOLFDWHVDQDFFXUDWHSURMHFWLRQRIIXWXUHRXWSXWTXDQWLWLHV
>@)XUWKHUPRUHWKHW\SLFDOFKDUDFWHULVWLFVRIWKHSURGXFWOLIH
F\FOH FXUYH VHDVRQDO YDULDWLRQ DQGGD\WRGD\ IOXFWXDWLRQRI
FXVWRPHU RUGHUV HPSKDVL]H WKDW D IL[HG RSHUDWLQJ SRLQW RI
TXDQWLW\ LV QRW D VXIILFLHQW VROXWLRQ IRU WRGD\¶V JOREDOO\
FRPSHWLWLYH ZRUOG ,Q DGGLWLRQ DVVHPEO\ V\VWHPV DUH
FKDOOHQJHG E\ WKH SDUDGLJP RI SHUVRQDOL]HG SURGXFWLRQ >@
WKDW FDXVHV DQ LQFUHDVLQJ QXPEHU RI KHWHURJHQHRXV SURGXFWV
YDULDQWV VR WKDW D VSHFLDOL]DWLRQ RI SURGXFWLRQ HTXLSPHQW WR
RQO\FHUWDLQYDULDQWVLVQRORQJHUIHDVLEOH
,Q RUGHU WR UHDFK DQ HIIHFWLYH XWLOL]DWLRQ RI DVVHPEO\
UHVRXUFHV LW LV WKXV QHFHVVDU\ WR GHVLJQ YDULDQW IOH[LEOH




7KH GHJUHH RI DXWRPDWLRQ LQ DVVHPEO\ LV WUDGLWLRQDOO\
UHODWLYHO\ ORZ FRPSDUHG WR RWKHU VHFWLRQV RI WKH SURGXFWLRQ
$XWRPRWLYHILQDODVVHPEO\HJLVRQO\DXWRPDWHGE\OHVVWKDQ
FRPSDUHGWRDQDXWRPDWLRQGHJUHHRIURXQGDERXWLQ
WKHERG\LQZKLWHSURGXFWLRQ >@7KHURRWFDXVHIRU WKH ORZ
GHJUHHRIDXWRPDWLRQOLHVLQ WKHKLJKQXPEHURIYDULDQWVDQG
LQWKHFKDUDFWHULVWLFVRIPDQ\DVVHPEO\SDUWVQRWVXLWDEOHIRU
VWDQGDUGL]HG DXWRPDWLRQ VROXWLRQV ,W LV HJ VWLOO GLIILFXOW WR
HIILFLHQWO\DXWRPDWH WKHDVVHPEO\RI OLPSSDUWV >@:LWKWKH
UHVWULFWLRQ RI WKH DVVHPEO\ VHTXHQFH GHILQHG E\ WKH SURGXFW
VWUXFWXUH WKHUH DUH RIWHQ QRW HQRXJK DXWRPDWDEOH DVVHPEO\
RSHUDWLRQV LQD VHTXHQFH WRRSHUDWHDQ DXWRPDWHGFHOO WR IXOO
FDSDFLW\ DQG WKXV UHDFK QHFHVVDU\ VDYLQJV IRU D OHJLWLPDWH
UHWXUQ RQ LQYHVWPHQW 7KLV LV HYHQ PRUH YDOLG VLQFH WKH
UHGXFWLRQ RI WKH DYHUDJH SURGXFW OLIH F\FOHV KDV UHGXFHG WKH
GXUDWLRQRIDSURGXFW¶VSHDNSURGXFWLRQWLPH
1HZ GHYHORSPHQWV LQ WKH DUHD RI KXPDQURERW
FROODERUDWLRQ DOORZ WR GLVWULEXWH ZRUN EHWZHHQ URERW DQG
KXPDQRSHUDWRUDFFRUGLQJ WRWKHLU UHVSHFWLYH FDSDELOLWLHV >@
PDNLQJ WKH DXWRPDWLRQ RI DVVHPEO\ VHTXHQFHV HFRQRPLFDO
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HYHQ LI WKH VHTXHQFH LV LQWHUUXSWHG E\ DVVHPEO\ RSHUDWLRQV









2. State of the art  
$[LRPDWLF GHVLJQ LV D PHWKRG WKDW DGMXVWV WKH GHVLJQ
SURFHVVWRVDWLVI\DV\VWHP¶VIXQFWLRQDOUHTXLUHPHQWV)5WKDW
DUH GLUHFWO\ GHULYHG IURP WKH FXVWRPHUV¶ UHTXLUHPHQWV 7KH
PHWKRG LV EDVHG RQ WZR IXQGDPHQWDO D[LRPV WKH
LQGHSHQGHQFH DQG WKH LQIRUPDWLRQ D[LRP 7KH LQGHSHQGHQFH
D[LRPIRUFHVWKHGHVLJQHUWRVHDUFKIRUGHVLJQVROXWLRQV'3
WKDW LGHDOO\ RQO\ LQIOXHQFH RQH UHVSHFWLYH IXQFWLRQDO
UHTXLUHPHQW WR PD[LPL]H WKH LQGHSHQGHQFH RI IXQFWLRQDO
HOHPHQWV DQG WKXV UHDOL]H IXQFWLRQ VHSDUDWLRQ 7KH
LQIRUPDWLRQ D[LRP KHOSV WR VHOHFW D GHVLJQ SDUDPHWHU RXW RI
GLIIHUHQWRSWLRQVE\MXGJLQJRQLWVSUREDELOLW\WRVXFFHVVIXOO\
VDWLVI\ LWV UHVSHFWLYH IXQFWLRQDO UHTXLUHPHQW7KHEHVWGHVLJQ
LVFRQVLGHUHGWKHRQHZLWKWKHOHDVWLQIRUPDWLRQ>@
,QDPDWKHPDWLFDOQRWDWLRQ WKHYHFWRULDO UHSUHVHQWDWLRQRI
)5V WR '3V LV H[SUHVVHG ZLWK WKH GHVLJQ PDWUL[ >$@ VHH
HTXDWLRQ  $ IXOO\ XQFRXSOHG LGHDO GHVLJQ UHVXOWV LQ D
GLDJRQDO GHVLJQ PDWUL[ DV VKRZQ LQ HTXDWLRQ  DQ
XQFRXSOHGGHVLJQLQDWULDQJXODUPDWUL[DVVKRZQLQHTXDWLRQ
 DQG WKH XQGHVLUDEOH FRXSOHG GHVLJQ LQ D IXOO PDWUL[ DV
VKRZQLQHTXDWLRQ>@


















































%DELF >@ XVHV WKH FKDUDFWHULVWLFV RI SDUWV WR GHVFULEH
PDQXIDFWXULQJ SURFHVVHV DV )5V IRU WKH D[LRPDWLF GHVLJQ RI
IOH[LEOH PDQXIDFWXULQJ V\VWHPV )06 +H DXWRPDWHV WKH
PDWFKLQJ RIPDQXIDFWXULQJPDFKLQHV VDYHG LQ D NQRZOHGJH
PRGXOH WR WKH)5V7KHPDQXIDFWXULQJSDUWV¶FKDUDFWHULVWLFV
DUHKRZHYHUQRWDSSOLFDEOHIRUDVVHPEO\SURFHVVHV
5HLFKHQEDFK >@ GHFRPSRVHV DVVHPEO\ SURFHVVHV LQ
HOHPHQWDU\ IXQFWLRQV LH DSSO\ IRUFH DQG EDVH RSHUDWLRQV
LH OHQJWK DPRXQW WROHUDQFH RI IRUFH DSSOLFDWLRQ DQG
FRPSDUHVWKHWHFKQLFDOFRPSDWLELOLW\RIDVVHPEO\UHVRXUFHVDV
GLIIHUHQW '3V WR SHUIRUP WKH DVVHPEO\ SURFHVV E\ FKRRVLQJ
WKHLU OLPLWDWLRQ RXW RI D NQRZOHGJH UHVHUYRLU 6WDQGDUG
LQGXVWULDO URERWV KXPDQRSHUDWRUV DQG LPSHGDQFH FRQWUROOHG
OLJKWZHLJKWURERWVHOLJLEOHIRUKXPDQURERWFROODERUDWLRQDUH





RI WKH DVVHPEO\ FHOO´ DV LQGHSHQGHQW GHVLJQ SDUDPHWHUV WR
DGGUHVV WKH IXQFWLRQDO UHTXLUHPHQWV ³SURYLGH YROXPH
IOH[LELOLW\´DQG³SURYLGHSURGXFWPL[RUYDULDQWIOH[LELOLW\´RI
FKDQJHDEOH DVVHPEO\ V\VWHPV +RZHYHU KH GHVLJQV WKH
IXUWKHUDXWRPDWLRQLQMXPSVEHWZHHQIXOO\PDQXDODXWRPDWHG
SURFHVVLQJ DQG IXOO DXWRPDWLRQ DQG GRHV QRW DGGUHVV WKH
GHVLJQRIWKHIOH[LEOHDVVHPEO\FHOOVLWVHOI
)RLWK)|UVWHUDQG%DXHUQKDQVO >@GHYHORSDVWUXFWXUH
SODQQLQJ PHWKRG IRU FKDQJHDEOH DVVHPEO\ V\VWHPV 7KH\
GHVFULEHWKHDVVHPEO\SURFHVVZLWKSURGXFWFKDUDFWHULVWLFVRI
WKH DVVHPEO\ SDUWV DQG WKHLU MRLQW DQG EXLOW VHW RI
FKDUDFWHULVWLFV DV KLJKHVW OHYHO )5:LWK WKLV DSSURDFK WKH\
GHVLJQ JHQHUDO W\SHV RI SURFHVV PRGXOHV ZKLFK DUH WKHQ
LQVWDQWLDWHG DQG SXW LQWR OD\RXW GXULQJ DVVHPEO\ VWUXFWXUH
SODQQLQJ/LNH0DWW>@WKH\YDU\WKHGHJUHHRIDXWRPDWLRQ





+XPDQURERW FROODERUDWLRQ LQ LWVPRVW HODERUDWHG IRUPRI
VDIH IRUFH DQG SRZHUOLPLWHG FROODERUDWLRQ ZLWKLQ WKH VDPH
ZRUNVSDFHRIRSHUDWRUDQGURERWLVFRQWHPSODWHGWREHRQHRI
WKH NH\ HQDEOHUV IRU IXWXUH SURGXFWLRQ 7KH SRVVLEOH





















:LWK WKH ODXQFK RI VHQVLWLYH DQG VDIH OLJKWZHLJKW URERWV
RYHU WKH ODVW \HDUV PRUH DQG PRUH DSSOLFDWLRQV DSSHDUHG
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IHDVLEOH IRUKXPDQURERW FROODERUDWLRQ5HDOFROODERUDWLRQ LQ
WKH VDPH ZRUN VSDFH ZLWKRXW DGGLWLRQDO VDIHW\ HTXLSPHQW
EHFDPH SRVVLEOH DV WKH URERW VDIHW\ LV JXDUDQWHHG WKURXJK
LQKHUHQW VDIH GHVLJQ DQG FRQWURO >@ 0RGHUDWH FROOLVLRQV
EHWZHHQ URERW DQG RSHUDWRUV DUH DFFHSWHG EHFDXVH RI ORZ
LQHUWLD DQG KLJKO\ VHQVLWLYH VHQVRUV ZLWKLQ LQKHUHQW VDIH
WRROLQJ GHVLJQ +XPDQ SDLQ WKUHVKROGV IRU GLIIHUHQW ERG\
UHJLRQVZHUHH[DPLQHGDQGUHFRUGHGE\ >@7KHQRUPDWLYH
EDVH RI FROODERUDWLYH URERWV RI ,62 ZDV H[WHQGHG
WRZDUGVWKHQHZ76GHILQLQJWKHDSSURSULDWHDQGVDIH
XVHRIFROODERUDWLYHURERWVLQLQGXVWULDODSSOLFDWLRQV
7KHUH DUH GLIIHUHQW DSSURDFKHV IRU WKH V\VWHPDWLF XVH RI
OLJKWZHLJKW FROODERUDWLYH URERWV LQ PDQXIDFWXULQJ DQG
DVVHPEO\V\VWHPV
%HXPHOEXUJ >@ GHYHORSV DQ DXWRPDWLRQ FDSDELOLW\ VFRUH
IRU RSHUDWRUV DQG URERWV WR FKHFN WKH FDSDELOLW\ DQG RSWLPDO
DOORFDWLRQRIZRUNFRQWHQW WRHDFKPHDQRISURGXFWLRQ%XLOW
RQ WKHVH UHVXOWV VKH FUHDWHV D VNLOORULHQWHG PXOWLFULWHULD
SODQQLQJRIDQRSHUDWLQJVHTXHQFHIRUFROODERUDWLYHV\VWHPV
=LSWHU >@ VKRZV WKDW PDQXDO DVVHPEO\ V\VWHPV FDQ EH
V\VWHPDWLFDOO\ FRPELQHGZLWK VHQVLWLYH OLJKWZHLJKW URERWV WR
UHDOL]H VFDODEOH SURGXFWLRQ IRU YRODWLOH PDUNHW GHPDQGV +H





HOLPLQDWHG DV D ZKROH >@ DQG IHDWXUH D SOXJ 	 ZRUN
FKDUDFWHU >@$VVHPEO\SURFHVVPRGXOHVSHUIRUPFRPSOHWH
VXESURFHVVHVRI WKHDVVHPEO\>@7KHLU IXQFWLRQDO
UDQJHPXVW EHGHILQHGZLWK UHJDUG WR WKHRYHUDOO FRPSOH[LW\




)DVW LQWHUFKDQJHDELOLW\ EHWZHHQ GLIIHUHQW SURGXFWLRQ
VFHQDULRV LV RQH NH\ HQDEOHU IRU FKDQJHDEOH SURGXFWLRQ
&KDQJHDELOLW\FRQVLGHUVWKHVKLIWEHWZHHQGLIIHUHQWIOH[LELOLW\
FRUULGRUV±DVFDQEHVHHQLQ)LJIRUWKHH[DPSOHRIORWVL]H
RI D SURGXFWLRQ V\VWHP &KDQJHDEOH SURGXFWLRQ V\VWHPV DUH
FDSDEOHRIYDU\LQJWKHLURZQVWUXFWXUHDQGFRQWLQXRXVO\DGMXVW










3. Methodical approach 
2Q WKH EDVLV RI WKH DXWRPDWLRQ FDSDELOLW\ DVVHVVPHQW RI
%HXPEHOEXUJ >@ WKH LQGLYLGXDO WDVNDOORFDWLRQGHVFULEHGE\





7KH XVH RI IUHH DSSURDFKDEOH KXPDQURERW FROODERUDWLRQ
DVVHPEO\ FHOOV LQ FRPELQDWLRQ ZLWK PDQXDO ZRUNSODFHV LQ D
IOH[LEO\ OLQNHG OD\RXW LV RQH SRVVLELOLW\ WR HQFRXQWHU
XQIRUHVHHQFKDQJHVGULYHQE\WKHUHTXLUHGORWVL]HWKHYDULDQW
GLYHUVLW\ D FKDQJH LQ WKH DVVHPEO\ WHFKQRORJLHV RU WKH
DVVHPEO\OLQHOD\RXW
2SHUDWLQJ ERWWOHQHFNV RU SURGXFWLRQ VXUSOXV FDQ EH
FKDOOHQJHG E\ GXSOLFDWLRQ RU ELVHFWLRQ RI DVVHPEO\ PRGXOHV
DQGUHORFDWLRQRIWKHPRGXODUDQGPRELOHDVVHPEO\FHOOV7KH
VKLIWLQJ RI ZRUN FRQWHQW EHWZHHQ GLIIHUHQW PDQXDO DQG
FROODERUDWLYH DVVHPEO\ FHOOV DOORZV WR SHUIRUP D IORDWLQJ
GHJUHHRIDXWRPDWLRQZLWKLQFRQVWDQWYDULDWLRQRIWKHWDFWWLPH
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6WDUWLQJZLWK D FRPSOHWHPDQXDO DVVHPEO\ LQRQHSODFH ±
GLIIHUHQW SURGXFW IORZV DUH SRVVLEOH HJ SDUWZLVH IXOO
DXWRPDWLRQ RI VLPSOH DVVHPEO\ WDVNV WHPSRUDO OLPLWHG
DXWRPDWLRQGXHWRWKHODFNRIHPSOR\HHVVXSSRUWRIZRUNHUV
LQ HUJRQRPLF FULWLFDO RSHUDWLRQV RU SURFHVV DXWRPDWLRQ WR
FKDOOHQJHWKHPHHWLQJRITXDOLW\UHTXLUHPHQWV$OODFWLRQVFDQ
EH H[HFXWHG LQ RQH VSRW RU G\QDPLFDOO\ VKLIWHG DORQJ WKH
SURGXFW IORZ IRU ORQJHU RU VKRUWHU F\FOH WLPHV DQG WKHUHIRUH
ORZHURUKLJKHUORWVL]HV
 $XWRPDWLRQDVVHVVPHQW
%DVHG RQ WKH UHVXOWV RI %HXPHOEXUJ >@ ZKR FUHDWHG D
PHWKRGLFDO DSSURDFK WR TXDQWLI\ WKH DXWRPDWLRQ FDSDELOLW\
WKHDXWKRUVH[WHQGHGWKHDSSURDFKWRGHILQHRQHSHUIRUPDQFH




GLUHFW ODERU LV LQYHVWLJDWHG DQG IUDFWXUHG IROORZLQJ XS WKH
D[LRPDWLF GHVLJQ DSSURDFK WR GHILQH LQGHSHQGHQW DVVHPEO\
WDVNV XVHG DV )5V $WWULEXWHV OLNH DYDLODEOH VHSDUDWLRQ
WHFKQRORJ\ DQG VXSSO\ PHWKRGV KDQGOLQJ DQG JULSSLQJ
IHDWXUHVH[LVWLQJMRLQLQJWHFKQRORJLHVDQGSRVVLEOHUHZRUNRU
TXDOLW\FKHFNVDUHSXWLQWRFRQVLGHUDWLRQ
$OO DVVHPEO\ WDVNVGRKDYHGLVWLQFW MREGHVFULSWLRQZKLFK
FDQ EH IRXQG LQ D FRUUHVSRQGLQJ GDWDEDVH IRU DVVHPEO\
SODQQLQJ DQG VHUYHV DV D OLVW RI DYDLODEOH'3V EDVHG RQ WKH
KDQGOLQJ GHVFULSWLRQV RI 9', >@ DQG WKH MRLQLQJ
WHFKQRORJLHVIROORZLQJ,62VWDQGDUG>@±VHH)LJ
7KURXJKRXW WKH DVVHPEO\ WDVN DVVHVVPHQW WKH PLVVLQJ
LQIRUPDWLRQDERXWSDUWFKDUDFWHULVWLFVDQGKDQGOLQJSURSHUWLHV
DUH FRPSOHWHG DQG DOORFDWHG WRZDUGV HDFK VLQJOH '3 E\ WKH
DVVHPEO\V\VWHPGHVLJQHU7KLV LQFOXGHV URXJKHVWLPDWLRQRI
WKH QHFHVVDU\ KDQGOLQJ WLPH 0HWKRGV 7LPH 0HDVXUHPHQW
070 SDUW JHRPHWULHV FKDUDFWHULVWLFV ULJLGLW\ PDVV DQG
VL]H«DVZHOODVPDWHULDOSURSHUWLHVDQGHUJRQRPLFDVSHFWV
RIWKHMRLQLQJPRYHPHQWDQGZRUNSODFHGHVLJQVHH>@)RU
HDV\ XVH DQG KDQGOLQJ SLFWRJUDSK LOOXVWUDWLRQ DQG
LGHQWLILFDWLRQWDJVDUHXVHG
$IWHU WKH UHFRUGRIHYHU\VLQJOH)5DQG LWVFRUUHVSRQGLQJ
'3 WKH DVVHPEO\ WDVNV DUH VWULQJHG DQG YLVXDOL]HG LQ RQH
DVVHPEO\ ERDUG 7KLV VHWXS DQG YLVXDOL]DWLRQ IRUP FDQ EH
FRPSDUHG WR 'HVLJQ 6WUXFWXUH 0DWUL[ '60 VHH >@
3RVVLEOH UHODWLRQV DQG LQWHUDFWLRQV EHWZHHQ GLIIHUHQW )5V WR
HLWKHU RQH RU PRUH '3V DUH PDUNHG LQ D WZRGLPHQVLRQDO
UHODWLRQVKLS GLDJUDP %\ VKLIWLQJ WKH )5 RUGHU D V\VWHP RI









(YHU\ DVVHPEO\ VWHS SURYLGHV DQ LGHQWLILFDWLRQ QXPEHU
ZKLFK LV OLQNHG WR LWV SRVLWLRQ UDQJH LQ WKH ILQDO DVVHPEO\
VHTXHQFH:LWKLQ WKLV VWUXFWXUH WKH SURFHVVHV )5V FDQ EH
FRQVLGHUHGWREHDOORFDWDEOHWRGLIIHUHQWPHDQVRISURGXFWLRQ
OLNH DXWRPDWLRQ KXPDQURERW FROODERUDWLRQ RU HYHQ PDQXDO
RSHUDWLRQ%DVHGRQ WKHVSHFLILF LQIRUPDWLRQRI WKHDVVHPEO\
WHFKQRORJ\ VXFK DV KDQGOLQJ RU MRLQLQJ RSHUDWLRQV DQG WKHLU
FKDUDFWHULVWLFV FOXVWHUV RI )5V RI WKH VDPH DXWRPDWLRQ OHYHO
DVZHOODVUHODWHGWHFKQRORJLHVDUHEXLOW7KHDJJORPHUDWLRQRI
)5VZLWKLQWKHVDPHDXWRPDWLRQFDSDELOLW\OHYHOLVQH[W6XE




DOORFDWLRQ WRZDUGV KXPDQ RSHUDWRU DQG URERW JHWV REYLRXV
7DVNVZLWK ORZ DXWRPDWLRQ VXLWDELOLW\ DUHPDUNHG UHGZKLFK
LPSOLHVFRPSOHWHPDQXDORSHUDWLRQRI WKHDVVHPEO\6XLWDEOH
DXWRPDWLRQWDVNVDUHPDUNHG\HOORZDQGJUHHQGHSHQGLQJRQ
WKHLU DEVROXWH DXWRPDWLRQ DVVHVVPHQW UDWLQJ $OO WDVNV DUH
FRQVLGHUHG WR EH LPSOHPHQWHG LQ KXPDQURERW FROODERUDWLRQ
RUPDQXDODVVHPEO\ IRU IDVW DQGHDV\ LQWHUFKDQJHDELOLW\ VHH
)LJ
%HWZHHQ SRVVLEOH KXPDQURERW FROODERUDWLRQ RQH PDMRU
GLVWLQFWLRQ ZDV PDGH 6FHQDULRV ZLWK ORZ WLPH VKDUH
HVWLPDWHGE\ WKH070DQDO\VLVDQGFORVH WRHTXDOZRUNORDG
EHWZHHQRSHUDWRUDQGURERWZHUHFRQVLGHUHGWREHNHSWWRWKH
RSHUDWRU EHFDXVH DXWRPDWLRQ DSSHDUV HFRQRPLFDOO\ GRXEWIXO









B Buffering build up stock
C Buffer parts move parts to buffer
Layer Assembly Task (FR) Assembly Job (DP) Composition
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4. Use Case 
7KH PHWKRG ZDV GHYHORSHG DQG YHULILHG DW WKH ILQDO
DVVHPEO\ RI DXWRPRWLYH GRRUV DW $5(1$ FDPSXV
-RLQLQJ RSHUDWLRQV OLNH VFUHZLQJ FOLSSLQJ PHUJLQJ DQG
LQVHUWLRQ ZHUH IRXQG )XUWKHUPRUH RSHUDWLRQV OLNH WKH
KDQGOLQJ RI OLJKWZHLJKW VWUXFWXUH SDUWV RI QRQULJLG VHOI
WZLVWLQJ SURSHUWLHV DUH FRQVLGHUHG $ WRWDO QXPEHU RI 
GLIIHUHQWDVVHPEO\RSHUDWLRQVZHUHPDSSHGLQWRWKHDVVHPEO\
PDWUL[ LQFOXGLQJ  VLQJOH DVVHPEO\ WDVNV LGHQWLILHG DQG
IUDFWXUHGE\WKHD[LRPDWLFGHVLJQDSSURDFK
,IGHVLUHGDERXWRQHTXDUWHURIWKHZRUNFRQWHQWLVIHDVLEOH
IRU DXWRPDWLRQ DQG FRXOG EH DGRSWHG E\ FRRSHUDWLYH URERWV
H[HFXWLQJ WKHVH RSHUDWLRQV $OO DSSOLFDWLRQV GR KDYH LQ
FRPPRQWKHIROORZLQJWZRDVSHFWV
x UHSHWLWLYH ZRUNORDG ZLWK LPSDFW RQ SURGXFW TXDOLW\
HJVFUHZLQJFOLSSLQJ
x PDQXDO KDQGOLQJ GXULQJ VHSDUDWLRQ EHFDXVH RI EDG
SDUW FKDUDFWHULVWLFV XQEDODQFHG GLPHQVLRQV ORZ
VWLIIQHVVDQGULJLGLW\
7KH GHFLVLRQ WR UHDOL]H SXUH PDQXDO RU FROODERUDWLYH
DVVHPEO\FHOOVLVEDVHGRQWKHVXEVHTXHQWHFRQRPLFDOIDFWV
x IXOO DXWRPDWLRQ LPDJLQDEOH EXW RIWHQ HFRQRPLFDOO\
GRXEWIXO EHFDXVH RI SUHGLFWDEOH LVVXHV GXULQJ SDUW
KDQGOLQJSRVLWLRQLQJDQGSRVVLEOHUHZRUN
x KLJKHU IOH[LELOLW\ UHJDUGLQJ VHHQXQVHHQ FKDQJHV LQ
WKH DVVHPEO\ IORZ E\ DYRLGLQJ H[SHQVLYH VSHFLDO
PDFKLQHU\
x UHGXFHG KDUGZDUH FRVWV RQ KDQGOLQJ DQG WRROLQJ
WHFKQRORJLHVEHFDXVHRIOHVVFRPSOH[LW\LQWRJULSSHU
GHVLJQ
x PRUH SURFHVV UHOLDELOLW\ WKURXJK SRVVLEOH GLUHFW
UHZRUNE\RSHUDWRU
3RVVLEOHDXWRPDWLRQVFHQDULRVIRUGLIIHUHQWF\FOHWLPHVFDQ
EH IRXQG LQ )LJ  7KH SRVVLELOLWLHV RI ZRUN ORDG VKDULQJ
EHWZHHQ RSHUDWRU DQG VHQVLWLYH OLJKWZHLJKW URERW DV ZHOO DV
WKHKLJKO\IOH[LEOHOD\RXWDOORZVWRVWUHWFKWKHWDFWWLPHLQWKLV
DSSOLFDWLRQ H[DPSOH E\ D IDFWRU RI IRXU 6LQFH WKHUH DUH
DOZD\V VHWVRI DXWRPRWLYHGRRUV LW VHHPV VXLWDEOH WREXQGOH






5. Conclusion and future prospect 
7KH PHWKRG VKRZHG FRPSUHKHQVLYH UHVXOWV IRU WDVN
DOORFDWLRQ ZKLFK ZHUH FRQILUPHG LQ GLVFXVVLRQV ZLWK
DXWRPDWLRQ H[SHUWV 7KH ILQDO DVVHPEO\ RI FDU GRRUV FDQ EH
SDUWO\ DXWRPDWHG XVLQJ FROODERUDWLYH URERWV ZLWKRXW
VLJQLILFDQW LQYHVW LQWR IXOO DXWRPDWLRQ RU SDUW UHGHVLJQ 7KH
IOH[LEO\ OLQNHG OD\RXW RI FROODERUDWLYH DQGPDQXDO DVVHPEO\
FHOOV IRU ILQDO DVVHPEO\ RIIHUV KLJK XQLYHUVDOLW\ DQG
VFDODELOLW\ 7RGD\ WKH HIIRUW RI GDWD LQSXW DQG WKH VWLOO
PDQXDOO\ RSHUDWHG GDWD SURFHVVLQJ GXULQJ WKH GHVLJQ VWDJH
PDGHLWFRPSOH[WRXVHIRUWKHDVVHPEO\V\VWHPGHVLJQHU)RU
IXWXUH DSSOLFDWLRQV WKH DXWKRUV LQWHQG WR LPSOHPHQW D
VRIWZDUHDSSOLFDWLRQIRUOD\RXWGHVLJQDQGWDVNDOORFDWLRQ
1HYHUWKHOHVV LWJRWREYLRXV WKDWE\GHFRPSRVLWLRQRI WKH
DVVHPEO\ ZRUN FRQWHQW LQWR VLQJOH DVVHPEO\ WDVNV DQG WKH
LQGHSHQGHQW DXWRPDWLRQ DVVHVVPHQW GXULQJ WKH FRQFHSWXDO





WKH VXLWDELOLW\ RI HFRQRPLFDOO\ UHDVRQDEOH KXPDQURERW
FROODERUDWLRQQHZFDOFXODWLRQDQGLQYHVWPHQWPRGHOVKDYHWR
EHSXUVXHG6RIDUWKHFRQFHSWLVJRLQJWREHLPSOHPHQWHGDW
$5(1$ VKRSIORRU IRU  GLIIHUHQW SURGXFWLRQ VFHQDULRV
RIDQDXWRPRWLYHXVHFDVH±VWDWHPHQWVFRQFHUQLQJWKHQHHGHG
GHYHORSPHQW WLPH DQG FRVW DV ZHOO DV WKH UHXVDELOLW\ DQG
DGDSWDELOLW\ RI WKH SURFHVV PRGXOHV WR GLIIHUHQW DVVHPEO\
VWDWLRQVZLOOEHIROORZHGDQGLQYHVWLJDWHG
$V DQ DGGLWLRQDO EHQHILW RI WKH PHWKRG WKH DVVHPEO\
GDWDEDVH DQG V\VWHPDWLF WDVN GHVFULSWLRQ SURYLGHV D EDVH IRU





7KH FRQWHQW RI WKLV SDSHU ZDV GHYHORSHG ZLWKLQ WKH
UHVHDUFK FDPSXV$FWLYH 5HVHDUFK (QYLURQPHQW IRU WKH1H[W
JHQHUDWLRQ RI $XWRPRELOHV $5(1$ 2XU VLQFHUH
WKDQNVJR WR WKH*HUPDQ)HGHUDO0LQLVWU\ IRU(GXFDWLRQDQG




>@ ' 6WHHJPOOHU 0 =UQ :DQGOXQJVIlKLJH
3URGXNWLRQVV\VWHPHIUGHQ$XWRPRELOEDXGHU=XNXQIW




>@ 0F.LQVH\ 	 &RPSDQ\ 'HXWVFKODQG :LOONRPPHQ LQ
GHUYRODWLOHQ:HOW+HUDXVIRUGHUXQJHQ IUGLHGHXWVFKH
:LUWVFKDIW GXUFK QDFKKDOWLJ YHUlQGHUWH 0lUNWH
)UDQNIXUW
>@ < .RUHQ 7KH JOREDO PDQXIDFWXULQJ UHYROXWLRQ
3URGXFWSURFHVVEXVLQHVVLQWHJUDWLRQDQGUHFRQILJXUDEOH
V\VWHPV:LOH\+RERNHQ1-
>@ 6 %DUWVFKHU 0HQVFK5RERWHU.RRSHUDWLRQ LQ GHU
3URGXNWLRQ LQ0QFKHQHU .ROORTXLXP  ,QQRYDWLRQHQ
IU GLH 3URGXNWLRQ 3URGXNWLRQVNRQJUHVV  2NWREHU
>7DJXQJVEDQG@8W]0QFKHQSS±
>@ - 5HLII6WHSKDQ $XWRPDWLVLHUWH +DQGKDEXQJ
634   Manuel Fechter et al. /  Procedia CIRP  50 ( 2016 )  629 – 634 
ELHJHVFKODIIHU 0DWHULDOLHQ  :R VHW]W GLH
,QJHQLHXUVDXIJDEH DQ"7HFKQLVFKH+RFKVFKXOH:LOGDX
>)+@
>@ . %HXPHOEXUJ )lKLJNHLWVRULHQWLHUWH
0RQWDJHDEODXISODQXQJLQGHUGLUHNWHQ0HQVFK5RERWHU
.RRSHUDWLRQ 8QLY 'LVV6WXWWJDUW  -RVW-HWWHU
+HLPVKHLP
>@ 6 'U .LHQ]OH ,PSOLNDWLRQHQ IU GLH
$XWRPRELOSURGXNWLRQ GXUFK,QGXVWULH  DYDLODEOH DW
KWWSZZZEZLJPGHGRZQORDGVDUWLNHODWWDFKPHQWV$




>@ 2 .XODN 6 &HEL & .DKUDPDQ $SSOLFDWLRQV RI
D[LRPDWLFGHVLJQSULQFLSOHV$ OLWHUDWXUH UHYLHZ([SHUW
6\VWHPVZLWK$SSOLFDWLRQV±
>@ % %DELF $[LRPDWLF GHVLJQ RI IOH[LEOH PDQXIDFWXULQJ
V\VWHPV ,QWHUQDWLRQDO -RXUQDO RI 3URGXFWLRQ 5HVHDUFK
±
>@ 05HLFKHQEDFK(QWZLFNOXQJHLQHU3ODQXQJVXPJHEXQJ
IU 0RQWDJHDXIJDEHQ LQ GHU ZDQGOXQJVIlKLJHQ )DEULN
GDUJHVWHOOW DP %HLVSLHO GHV LPSHGDQ]JHUHJHOWHQ
/HLFKWEDXURERWHUV 7HFKQ 8QLY 'LVV&RWWEXV 
6KDNHU$DFKHQ
>@ '70DWW'HVLJQRI FKDQJHDEOH DVVHPEO\ V\VWHPV  D
FRPSOH[LW\WKHRU\EDVHGDSSURDFKLQ0+HODQGHU0
;LH 5 -LDR .& 7DQ (GV ,((( ,QWHUQDWLRQDO




>@ 3 )RLWK)|UVWHU 7 %DXHUQKDQVO &KDQJHDEOH DQG
UHFRQILJXUDEOH DVVHPEO\ V\VWHPV $ VWUXFWXUH SODQQLQJ
DSSURDFK LQ DXWRPRWLYH PDQXIDFWXULQJ LQ 0
%DUJHQGH +& 5HXVV - :LHGHPDQQ (GV 
,QWHUQDWLRQDOHV6WXWWJDUWHU6\PSRVLXP$XWRPRELOXQG
0RWRUHQWHFKQLN 6SULQJHU 9LHZHJ :LHVEDGHQ 
SS±
>@ 3)RLWK)|UVWHU7%DXHUQKDQVO&KDQJHDEOH DVVHPEO\
V\VWHPV WKURXJK IOH[LEO\ OLQNHG SURFHVV PRGXOHV LQ




6DIHW\ UHTXLUHPHQWV IRU LQGXVWULDO URERWV ± 3DUW 
5RERWV ,62  *HUPDQ YHUVLRQ (1 ,62
%HXWK9HUODJ%HUOLQ
>@ $ 'H /XFD $ $OEX6FKlIIHU 6 +DGGDGLQ *
+LU]LQJHU &ROOLVLRQ 'HWHFWLRQ DQG 6DIH 5HDFWLRQ ZLWK
WKH '/5,,, /LJKWZHLJKW 0DQLSXODWRU $UP 
±
>@ 00HOLD06FKPLGW%*HLVVOHU-.|QLJ8.UDKQ
+- 2WWHUVEDFK 6 /HW]HO $ 0XWWUD\ 0HDVXULQJ
PHFKDQLFDO SDLQ WKH UHILQHPHQW DQG VWDQGDUGL]DWLRQ RI
SUHVVXUH SDLQ WKUHVKROG PHDVXUHPHQWV %HKDYLRU
UHVHDUFKPHWKRGV±
>@ 9 =LSWHU (QWZLFNOXQJ HLQHV 3ODQXQJV XQG
2SWLPLHUXQJVV\VWHPVIUGHQ(LQVDW]VHQVLWLYHU5RERWHU
LQGHUIOH[LEOHQ0RQWDJH5RERW)DUPLQJ7HFKQ8QLY
'LVV&RWWEXV6HQIWHQEHUJ  6KDNHU $DFKHQ





>@ -& $XULFK 3 %DUELDQ & :DJHQNQHFKW
3UR]HVVPRGXOH ]XU *HVWDOWXQJ IOH[LELOLWlWVJHUHFKWHU




/ .HXQHFNH (GV 9DULDQWHQEHKHUUVFKXQJ LQ GHU
0RQWDJH .RQ]HSW XQG 3UD[LV GHU IOH[LEOHQ
3URGXNWLRQVHQGVWXIH 6SULQJHU %HUOLQ  SS±

>@ 3 1\KXLV - 'HXVH - 5HKZDOG (GV
:DQGOXQJVIlKLJH 3URGXNWLRQ +HXWH IU PRUJHQ
JHVWDOWHQ  :D3UR7HN  :DQGOXQJVI|UGHUOLFKH
3UR]HVVDUFKLWHNWXUHQ  « LP 5DKPHQNRQ]HSW
)RUVFKXQJ IU GLH 3URGXNWLRQ YRQ PRUJHQ  « LP
5DKPHQ GHV ,GHHQZHWWEHZHUEV 6WDQGRUWVLFKHUXQJ






3 1\KXLV 6WDQGDUGLVLHUXQJ LP ZDQGOXQJVIlKLJHQ
3URGXNWLRQVV\VWHP (LQIOXVV GHU 3UR]HVV XQG
5HVVRXUFHQVWDQGDUGLVLHUXQJ DXI GLH
:DQGOXQJVIlKLJNHLW =:) =HLWVFKULIW IU
ZLUWVFKDIWOLFKHQ)DEULNEHWULHE±
>@ 0 =DHK 1 0RHOOHU : 9RJO 6\PELRVLV RI
&KDQJHDEOH DQG 9LUWXDO 3URGXFWLRQ ± 7KH (PSHURU¶V
1HZ &ORWKHV RU .H\ )DFWRU IRU )XWXUH 6XFFHVV"
3URFHHGLQJV &' RI WKH LQWHUQDWLRQDO FRQIHUHQFH RQ
FKDQJHDEOHDJLOHUHFRQILJXUDEOHDQGYLUWXDOSURGXFWLRQ

>@ - *DXVHPHLHU +3 :LHQGDKO :HUWVFK|SIXQJ XQG
%HVFKlIWLJXQJ LQ 'HXWVFKODQG $FDWHFK :25.6+23
+DQQRYHU  6HSWHPEHU  6SULQJHU %HUOLQ
+HLGHOEHUJ%HUOLQ+HLGHOEHUJ
>@ 0 1DXPDQQ 0 )HFKWHU 5RERWV DV HQDEOHUV IRU
FKDQJHDELOLW\LQDVVHPEO\DSSOLFDWLRQVLQ0%DUJHQGH
+& 5HXVV - :LHGHPDQQ (GV  ,QWHUQDWLRQDOHV
6WXWWJDUWHU 6\PSRVLXP $XWRPRELO XQG
0RWRUHQWHFKQLN 6SULQJHU 9LHZHJ :LHVEDGHQ 
SS±
>@ 9HUHLQ 'HXWVFKHU ,QJHQLHXUH 9', $VVHPEO\ DQG
KDQGOLQJ  +DQGOLQJ IXQFWLRQV KDQGOLQJ XQLWV 
7HUPLQRORJ\ GHILQLWLRQV DQG V\PEROV WK HG
%HXWK9HUODJ%HUOLQ
>@ 'HXWVFKH ,QGXVWULH 1RUP 0DQXIDFWXULQJ SURFHVVHV
MRLQLQJ  3DUW  *HQHUDO  &ODVVLILFDWLRQ VXEGLYLVLRQ
WHUPV DQG GHILQLWLRQV %HXWK 9HUODJ %HUOLQ 

>@ 75%URZQLQJ$SSO\LQJWKHGHVLJQVWUXFWXUHPDWUL[WR
V\VWHP GHFRPSRVLWLRQ DQG LQWHJUDWLRQ SUREOHPV $
UHYLHZ DQG QHZGLUHFWLRQV ,(((7UDQV (QJ0DQDJH
±

